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industrialized, agriculturally developed and is drained
by Yamuna river and Agra canals.
Major part of the area is covered by Quaternary alluvium
and a small portion in northwestern part is occupied by
the Precambrian Alwar quartzite of Delhi Super group
with NNE-S5W strike and easterly dips. The alluvial
sediments comprise of clay, silt, different grades of sand,
gravel and calcareous nodules in different proportions.
The depth of water level varies between 3.20 and 21.50
meter during pre-monsoon and between 2.05 to 20.06
m.b.g.l. during post-monsoon in 2011 ( source of this
data).
Materials and Methods
A total of 60 groundwater samples from shallow hand
pumps and deep tube-wells were collected from various
locations from the entire area (Fig. 1) during pre-monsoon
period (June 2010-2011). The samples were analyzed for
electrical conductivity, pH and major cations and anions
including fluoride and nitrate using standard procedures
of APHA (1992) and Trivedi and Goel (1984). Sodium
K were analyzed using Flame Photometer. Fluoride and
NO3 were analyzed  by  spectrophotometer, SO4 was
analyzed by gravimetric method  E.C and pH were
determined in the field  by water analysis kit (NPC 360
D) and rest of the ions  were analyzed by titration methods
in the geochemical laboratory of the Geology Department
A.M.U., Aligarh and National Geophysical Laboratory
(NGRI) Hyderabad.
Results and Discussion
Hyrdochemical data of the groundwater samples are
summarized in Table 1. The summary of statistical
parameters such as minimum, maximum, and standard
deviation for the variables of groundwater is given in
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Introduction
Fluoride and nitrate contamination is a major problem
particularly in shallow alluvial aquifers and is increasingly
becoming a threat to groundwater quality. High fluoride
level in drinking water gives rise to mottled enamel of
teeth, skeletal fluorosis and sometimes osteosulerosis,
whereas deficiency of fluoride causes over acidification
of teeth and bones and dental caries. An average of 1.0
mg/L of F in drinking water is recommended to prevent
dental caries (McClure, 1970). The enrichment of fluoride
in ground water is mainly due to the formation of alkaline
soil and enrichment of sodium, bicarbonate and sulphates
in shallow aquifers.
The most common contaminant in groundwater is
dissolved nitrogen in the form of nitrate. Nitrate itself is
relatively nontoxic but when ingested with food or water,
it may be reduced to nitrite by bacteria in the mouth and
gut. Though nitrite is an essential plant nutrient, it is a
potential threat to human health when found in excess
quantity in drinking water. Methemoglobinemia
commonly known as blue baby disease in infants is
closely related to nitrate concentration in drinking water.
Infants are most prone to nitrate contamination because
they have underdeveloped metabolic enzyme, relatively
small blood volume and greater reactivity of fetal
hemoglobin. The more alarming toxicity effects of nitrate
are carcinogenic disease and stomach cancer. The present
investigation aims to study the geochemical behavior of
different constituents in groundwater and their effects.
Geography. The study area forms western part of
Ghaziabad district of Uttar Pradesh and northern part of
Faridabad district of Haryana in Yamuna river basin (Fig.
1). It is located in the semi-arid region of western Gangetic
plain and lies between 28° 15' and 23° 35' north latitudes
and 77° 15' and 77° 30' east longitudes. It is highly
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Abstract. The chemical characteristics of groundwater in parts of Yamuna river sub-basin utilized for both irrigation
and domestic purposes were investigated by analyzing samples collected from the western part of Yamuna basin. It
is observed that majority of the ground water samples are saline due to the presence of more clayey material with low
permeability leading to longer residence time. Occurrence and distribution of fluoride and nitrate in groundwater on
either bank of Yamuna river are studied and high concentrations of F and NO3 exceeding standard limits of various
organization were observed at places suggesting their non-solubility for drinking purposes. Low concentration of nitrate
is due to denitrification. Fluoride correlates positively with HCO3 and negatively with Ca. Discharge of untreated
industrial effluents in unlined drains, dumping of solid wastes in open field and increased utilization of nitrogenous
and phosphate fertilizers are responsible for the degradation of groundwater quality in parts of Yamuna basin.
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Table 2. The distribution maps of fluoride and nitrate
have been prepared to demarcate various zones of
groundwater quality in the area. It is evident from chemical
results and standard deviation that there is wide spatial
variation in groundwater quality. Groundwater at most
places is hard, alkaline and belongs to either Na-HCO3
or Na-CI facies. Hard water generally has no harmful
effect on humans. Cardiovascular diseases have been
reported and appear to be confined more to the areas of
soft water than to hard water (Crawford, 1972).
Overall salinity of groundwater in the area is high as
indicated by higher E.C. values. As the area is located in
the most industrialized zone of northern India, the
discharge of industrial effluents and solid wastes in the
open field and unlined drains is a common practice. This
causes the higher level of total dissolved solids (T.D.S.)
in the groundwater resulting in the high salinity. Litho
logic and climatic factors also contribute to the salinity.
The study area has semi-arid climate characterized by
high temperature variations and low seasonal rainfall
(monsoon season). During summer, dry conditions cause
capillary rise of water from the pores of silty-clay and
subsequent evaporation of water leads to precipitation
of salts in the surface soil which on leaching results in
the enrichment of salt content of groundwater.
Comparatively lower E.C. values were recorded on either
banks of the river possibly due to the presence of sandy
formations which are recharged quite regularly by rainfall
as compared to clayey sandy formations in the western
part of the area.
The relative major ion concentrations observed in the
area during the study period is generally of the order
Na>K>Ca>Mg among the cations and C1>HCO,>CO3
among the anions. The average values of major ions in
different E.C. ranges are plotted (Fig. 2) which generally
show positive correlation with the electrical conductivity
of groundwater. In general, higher concentrations of
chemical constituents were observed in shallow aquifers
compared to deeper aquifers. Nitrate, fluoride and chloride
contents at some places were found above the maximum
permissible limit prescribed by WHO (1984) for public
water supply.
Fluoride Contamination. The natural environmental
pollution due to fluoride in groundwater is a matter of
great concern as it affects human health. Fluoride contents
in 1 3 out of 65 samples exceed the maximum permissible
limit (1.5 mg/L) of WHO (1984).The analytical results
show high fluoride concentration at some places (Fig.3).
The values range from 0.10 to 1.97 mg/L averaging at
0.93 mg/L. Potable water should have 0,6 to 1 .5 mg/L
of fluoride for substantial protection against dental caries
and teeth decay (1CMR, 1 975).
Main sources of fluoride in groundwater are fluoride
salts used in industries manufacturing steel, aluminum,
bricks, glass, ceramics etc. Phosphate fertilizers
extensively used in the area often contain fluoride as an
impurity. These cause increase in fluoride content of soils
which  due to  leaching result in enrichment of fluoride
levels in groundwater. Also. fluoride bearing minerals
such as apophyllite, phlogopite, illite, hydromuscovite
and biotite are generally found in clay dominating soil
(Rai, 1996) and as the aquifers in the area comprise
alternate beds of sand, gravel and clay, some quantity of
fluoride in groundwater is contributed from hydration of
the above minerals present in clay horizons.
Correlation of fluoride with Ca and HCO3. Fluoride ion
shows positive correlation with bicarbonate and negative
correlation with calcium due to following relationship;
CaCO3 +H
+       Ca2+ + HCO3  (i)
Applying the law of chemical equilibrium, the equilibrium
constant (K,) is expressed as;
(ii)
Similarly, from the dissociation reaction of fluoride (CaF2)
dissolved in water, the equilibrium constant (K2) is
expressed as;
K2  = [Ca
2+]  [ F2]            (iii)
From the equation (ii) and  (iii)
(iv)
Fig. 1. Sample location in the study area.
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It is apparent from equation (iii) that an increase : in
fluoride ions would be accompanied by decrease in
calcium ion resulting in negative correlation. From
equation (iv), if hydrogen ion activity or pH is constant,
an increase in fluoride ion would be accompanied by
corresponding increase in bicarbonate ion resulting in
positive correlation. In the present study, the average
concentration of fluoride ion in different ranges of
Table 1. Hydrochemical data of the groundwater samples (mg/L).
bicarbonate and calcium ions are plotted which also
satisfy the above relationship.
Nitrite Contamination. Chemical analysis of nitrate
shows that its concentration at most places is within the
permissible limit (45 mg/L, WHO, 1984) prescribed for
drinking water and ranges from 1.8 to 86.6 mg/L. Higher
concentrations exceeding 45 mg/L were observed at
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places due to localized pollution effect.
The important source of nitrate contamination is the on-
site sewage disposal in septic s> stems (Aravena and
Robertson, 1998). Decomposition of soil organic matter,
leaching of soluble synthetic or chemical fertilizers
(particularly N-fertilizer), human and animal excreta are
the potential sources of nitrate in groundwater (Hill,
1982). The chief sources of groundwater nitrate in the
area are sewage and animal wastes, industrial effluents,
agricultural activities and septic tanks. Among the
agricultural sources, the common are fertilizers and
irrigation with waste water. The attenuation of nitrate in
groundwater at many places may be due to denitrification,
the conversion of nitrate into nitrogen gas. Organic carbon,
either in dissolved phase or derived from porous media
solids is one of the main electron donors that can facilitate
this reaction (Start and Gillham, 1989). The wide spread
practice of dumping raw sewage which contains organic
carbon is suitable to support denitrifica.ion in the area,
causing low content of nitrate in groundwater at some
places.
Conclusion
Chemical analysis of groundwater samples shows that
the groundwater in major part of the area under study is
saline and brakish, which is evident from higher E.G.
and T.D.S. contents. Discharge of industrial effluents
and solid wastes in the open field and utilization of waste
water for irrigation are responsible for higher level of
salt contents in the groundwater. During summer, the
evaporation increases the concentration of ions in soils
which on leaching results in the higher contents of salts
thereby increasing the salinity of groundwater. Sixty per
Table 2. Summary of statistical parameters for the variables of groundwater (n=65).
Fig. 2. Average values of chemical constituents in different
E.C. ranges showing their relationship with E.C.
Fig. 3. Distribution map of fluoride demarcating different
zones of fluoride.
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cent of the water samples have hardness between 150
and 350 mg/L and fall in moderately hard to hard category
of water. In terms of hydrochemical facies, water of Na-
HCO type is dominant. The enrichment of fluoride in
localized areas may cause adverse effect on human health.
There is a large spatial variation in the occurrence of
nitrate in groundwater. Out of 65 samples, only 4 samples
fall above 45 mg/L nitrate content. Denitrification may
be responsible for the low level of NO. in some parts of
the area. Relatively higher contents of NO3 in residential
areas may be due to reasons other than agricultural
activity, such as improper sanitary condition, leachate
from animal waste, vegetable market waste, sewage and
solid waste dump.
In order to improve the quality of water, the industrial
effluents must be treated before the discharge, industrial
wastes should not be utilized for irrigation and there
should be well designed landfill for dumping urban
wastes, Defluoridation techniques may be employed to
maintain the level of F ion in water.
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